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PROPELLANT TANK ASSEMBLY 

DESCENT STAGE I 
DESIGN CONTROL SPECIFICATION FOR I 

1 

1.1 

SCOPE 

Scope. - This specif icat ion establ ishes  design, fabr ica-  
t i on ,  performance and qua l i ty  assurance requirements f o r  
Propellant Tank Assemblies t o  be used i n  the  Lunar Excursion 
Module (LEN), Descent Stage, of the Apollo Spacecraft. 

APPLICABU -S I '  
2.1 Government Documents. - The following Government documents 

of issue i n  e f f ec t  on 14  January 1963, o r  a s  otherwise 
specif ied,  form a part of t h i s  spec i f ica t ion  t o  the  extent 
specif l ed  herein.  

SPECIFICATIONS 

Federal 

BB-N-411 H i t  r ogen I 
Mil i ta ry  I 
MIL- P- 265 39A 

MIL- P- 27402 

Propellant, Nitrogen Tetroxide 

Propellant, Hydrazine - uns - 
Dimethylhydrazine (50% N2H4 - 50% UDMH) 

MILA-1845p Argon, Technical I 
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2 . 1  (Continued) 

MIL I- 6866~ Inspection; Penetrant, Method of A 

M I L -  T- 9047C Titanium and Titanium Alloys, B a r s ,  
Forgings and Forging Stock 

STANDARDS 

Federal 

FED- sm- 151a Metals, Test Methods 
Change Notice 4 
Nov. 28, 1962 

MIL STD- 1OA Surface Roughness and Waviness of Lay 

MIL- STD- 12B Abbreviations f o r  Use on Drawings 

M I L S T D - ~ ~ O (  USAF) Environment Test Methods f o r  Aerospace 
(dated 1 4  June and Ground Equipnent 
1962 

MILSTD-453 Military Std Inspection, Radiographic 

2.2 Grumman Documents. - The following Grumman documents of 
da te  of i s sue  shown form a part of t h i s  spec i f ica t ion  t o  
the  extent  specif ied herein. 

Specif icat ions - 
LSP-270-0001 

LSP- 390- 001 

Cleanliness Level Requirements For 
The Propulsion Subsystem, (Ascent and 
~ e s  cent Stage ) 

Bonding E lec t r i ca l ,  General Specification 
f o r  
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2.2 

2 .3  

( Continued) 

Drawings 

~ 2 ~ 2 8 0 -  400 Propellant Tank Assembly, Descent Stage, 
Revision D Specification Control Drawing f o r  

1,32280- 401 Tank Subassembly, Descent Stage, 
Revision E Specification Control Drawing f o r  

1.~~280- 402B Baffle Subassembly, Descent Stage, 
Specification Control Drawing f o r  

12x280- 4030 Cover Subassembly, Descent Stage, 
Specification Control Drawing f o r  

Other Documents. - The following documents, issued by the  
organization indicated and of the data of issue shown, 
form a par t  of t h i s  specif icat ion t o  the  extent specif ied 
herein.  

Helium Grade A 
Bul le t in  585 

AMS 4088~ 

AMs 4951 

AMs 4029 

Sm-ARP- 598 

U.S. Dept of In t e r io r  Bul le t in  585 

Tubing, Seamless, Drawn, 
4.5 Cu - 1 . 5  Mg - 0.6 Mn (2024-T3) 

Sheet and Plates  4.5 Cu - 1 .5  Mg - 
0.6 Mn (2024-0) 

-Aeronautical Material  Specif icat ion 
Titanium Wire 

Aeronautical Material  Specif icat ion 
Aluminum Alloy Sheet & Pla te  

(2014. "6) 
4.5 cu - 0.85; - 0 . 8 k  - 0.5%. 

Procedure f o r  the  Determination of 
Par t iculate  Contamination by the  Pa r t i c l e  
Count Method 

Cod. a o i a  cn( - l r r  O B U T  EDP S k i  No.- 
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2 .4  Avai labi l i ty  of Documents. - 

2.4.1 Government Documents. - Copies of Government documents may 
be obtained from the  Superintendent of Documents, 
Government Pr int ing Office, Washington 25, D. C.  

2 .4 .2  Grumman Documents. - Copies of t h i s  specif icat ion and other 
applicable Grumman documents may be obtained from ID4 
Program Data Management, Grumman Aircraf t  Ehgineering 
Coporation, Bethpage, Long Is land,  New York. 

2.4.3 Other Documents. - Copies of other documents may be obtained 
from the appropriate organization l i s t e d  i n  2.3. 

3 REQUIFEMIXTS 

3.1  General. - The Propellant Tank Assembly covered by t h i s  
specif icat ion sha l l :  

( a )  Be capable of s tor ing MILP-26539 Nitrogen Tetroxide 
(N204) Propellant. 

Be capable of s tor ing MILP-27402 Hydrazine - uns - 
Dimethylhydrazine ( 50%~ N2H4 and 5096 UDMH) Propellant.  

(b )  

( c )  

( d )  

Be capable of being pressurized with helium. 

Maintain the  stored propellants a t  the prescribed 
leve ls  of quali ty,  sa fe ty  and useabi l i ty  under all 
conditions ahd f o r  the  time in te rva ls  specif ied i n  
Table I. 

3.2 Subassemblies. - The Propellant Tank Assembly (LSC280-400) 
s h a l l  consis t  essent ia l ly  of the following major items and 
at taching hardware. 
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3.2 

3.2.1 

3.2.1.1 

3.2.1.2 

3.2.1.3 

( Continued) 

Tank Suba s s emb l y  (~sc280-40i )  

Baffle Subassembly ( LSC280 -402) 

Cover Subassembly ( ~ ~ 2 8 0 - 4 0 3 )  

Sk i r t  Subassembly ( In te r face  o r  LSC280-400) 

Details of Subassemblies. - 

Tank Subassembl-. - The Tank Subassembly s h a l l  consist  of 
two (2)  machined tank halves welded together.  The halves 
s h a l l  be machined from forgings of titanium i n  accordance 
with 3.16.1.1. The forgings, and the b i l l e t s  they a re  
forged from s h a l l  meet t h e  requirements of Table I1 and 
sha l l  i n  addi t ion be uniform i n  qua l i ty  and condition, f r e e  
from surface and sub-surface defects ,  laps ,  seams, pipe, 
s l i ve r s ,  scales ,  slag, porosity,  cracks, hard spots and a l l  
other defects  which may prevent the tanks from meeting the 
requirements of t h i s  specif icat ion.  The configuration of 
the  Tank Subassembly s h a l l  be a s  shown on Specification 
Control Drawing 1 ~ ~ 2 8 0 -  401. 

Baffle Subassembly. - The baf f le  design including select ion 
of mater ia ls  and method of attachment t o  the  Tank Subassembly 
s h a l l  be consistent with the  requirements of t h i s  
spec i f ica t ion  and sha l l  r e s u l t  i n  a minimum Propellant Tank 
Assembly weight. - The required configuration of t he  Baffle 
Subassembly s h a l l  be a s  shown on Specif icat ion Control 
Drawing Sc280-402. 

Cover Subassemblg. - The Cover Subassembly s h a l l  consis t  of 
the  cover, zero- g" can, vortexing device, seal  and pro- 
vis ions f o r  mounting quantity,  temperature and pressure 
monitoring equipnent located ins ide  the  tank. 
f o r  a t taching helium and propellant plumbing t o  the tank 
s h a l l  a l s o  be incorporated i n  the  Cover Subassembly. 
Configuration s h a l l  be i n  accordance with Specification 
Control Drawing LSC280-403 and shall accommodate the  
Cover Seal and attaching hardware. 

Provisions 



3.2.1.3.1 

3.2.1.3.2 

3.2.1.3.3 

3.2.1.4 

3.2.1.4.1 

3.3 

3.4 

Cover. - The Cover shal l  be a machined forging of t i tanium 
i n  accordance w i t h  3.16.1.1. 
it i s  made from sha l l  meet the requirements of Table I1 
and s h a l l  i n  addition, be f r e e  from surface and sub-surface 
defects ,  laps ,  seams, pipe, s i l ve r s ,  scales ,  s lag ,  
porosity,  cracks, hard spots and a l l  other defects .  

The forging and the  b i l l e t  

Cover Seal. - The cover s e a l  s h a l l  be fabricated from a 
material  which i s  compatible w i t h  the  propellants.  The sea l  
and the accommodations for the s e a l  s h a l l  permit it t o  
function t o  design requirements by the clamp-up act ion of 
the  cover bo l t s  and without the  use of adhesives or other 
addi t ional  seal ing preparations. 

Zero "G" Can and Vortexing Device. - The zero "g" can and 
vortexing device sha l l  be made of titanium. 

Ski r t  Subassembly. - The Sk i r t  Subassembly w i l l  be made of 
AMs 4029 A l u m ~ u m  Alloy 2014-6 and w i l l  be supplied by 
Grumman . 
Ski r t  Subassembly Interface.  - The interfacb of the  s k i r t  
subassembly with the  tank subassembly i s  shown on 
ISc280-400~. This interface s h a l l  provide f o r  a minimum 
of one (1) removal and re-attachment operation. 
with diss imilar  metals requirements of 3.16.1.2 for the  
interface,  s h a l l  be a requirement of the  Tank Subassembly 
design. 

Compliance 

Ins ta l led  Position. - The Propellant Tank Assembly w i l l  
be oriented i n  the Lunar Excursion Module (LEM) i n  a 
posi t ion r e l a t ive  t o  the  spacecraft  axes shown by coordi- 
nates on Specification Control Drawing LsC280-400. 

Tank Support Provisions ( I n  LEN). - The Propellant Tank 
Assembly w i l l  be mounted and supported a s  shown i n  
1.~~280- 400. 



3.5 

3- 5 .1  

3.6 

3.6.1 

3.6.2 

3.6.3 

3.6.4 

Environmental Conditions. - The Propellant Tank Assembly 
s h a l l  operate within the requirements specif ied herein 
during and a f t e r  exposure t o  the environmental conditions 
specif ied i n  Table 111. A l l  s t r u c t u r a l  loads s h a l l  be 
multiplied by the applicable yield sa fe ty  f a c t o r  of para- 
graph 3.7. 
combinations of these conditions. 

The design s h a l l  consider a l l  r a t iona l  

Radiation Environment. - Charged pa r t i c l e  and electro-  
magnetic radiat ion,  present i n  c is lunar  space, or iginat ing 
from the  Van Allen Belts, so l a r  f l a r e s  and space background 
s h a l l  be considered i n  the design. A de ta i led  descr ipt ion 
of t h i s  environment w i l l  be provided by Grumman where it i s  
necessary t o  evaluate ove ra l l  r e l i a b i l i t y .  

Rel iab i l i tx .  - 
Mission Success and Safety. - The probabi l i ty  of success 
and the probabi l i ty  of  sa fe ty  goals a r e  e q m l  and s h a l l  be 
( .999995) f o r  completion of the mission requirements 
specif ied herein.  
and nonoperating phases of l i f e  specified i n  Table I. 

The goal s h a l l  include a l l  operating 

Operational Prof i le .  - The r e l i a b i l i t y  requirements above 
sha l l  be based on time and environmental parameters 
specif ied i n  Table 111. 

Re l i ab i l i t y  Apportionment. - The Propellant Tank Assembly 
and i t s  subassemblies and parts sha l l  be designed t o  meet 
t he  r e l i a b i l i t y  apportionment a s  developed by the r e l i a b i l i t y  
studies required by the Purchase Order. 
r e l i a b i l i t y  of each subassembly and par t  s h a l l  be equal t o  
o r  greater than the  required r e l i a b i l i t y  as determined by 
the s tudies .  

The predicted 

Deratinq. - Design values s h a l l  be derated i n  accordance 
with the fac tors  developed i n  the  r e l i a b i l i t y  s tudies  
specif ied.  
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3.7 S t ruc tura l  Design Cr i te r ia .  - The St ruc tura l  Design Cr i te r ia  
specif ied below sha l l  be applied t o  the Propellant Tank 
Assembly. 
of sa fe ty  f o r  the  specified loading conditions when 
increased by the  applicable f ac to r s  of safety.  

The design s h a l l  incorporate posi t ive margins 

Strength, S t i f fnes s ,  and Limit Load. - The l e v e l  of s t ruc-  
t u r a l  s t rength and s t i f fnes s  sha l l  be established by 
r a t iona l  analyses t o  meet the  specif ied loading conditions. 
The loading conditions of the  following paragraphs and 
Table I11 a r e  l i m i t  loads with the  exception of the  vibra- 
t i o n  spectra ,  see paragraph 3.7.6. For design, these 
l i m i t  loads s h a l l  be multiplied by the  appropriate f ac to r  
of sa fe ty  specif ied herein. 
made and incorporated i n  the l i m i t  loads f o r  a t  l e a s t  the 
following: 

Rational allowance sha l l  be 

( a )  S t r e s s  concentration 

( b )  Fatigue 

( c )  Dynamic response 

( d )  Vibrational amplification 

3.7.2 Pressure Stabi l izat ion.  - The tank s t ruc ture  s h a l l  not 
require pressure s tab i l iza t ion .  
re l iev ing  i n  conditions involving the  combination of 
uniform in t e rna l  pressure with accelerat ion forces ,  
pressure s h a l l  not be used. 

When pressure loads a r e  

3.7.3 Yield Factor of Safety. - The y ie ld  f ac to r  of sa fe ty  s h a l l  
not be l e s s  than 1.33. This fac to r  of sa fe ty  sha l l  be 
increased i n  weld areas a s  required i n  -paragraph 3.7.7. A t  
l i m i t  load times the  yield f a c t o r  of sa fe ty  there  shall  be 
no permanent deformation which could prevent the  Propellant 
Tank Assembly from complying with the  requirements of t h i s  
specif icat ion.  

EDP Sheet No.- Cod. 2 0 1 1  C I b # - 1 1 ~  e m u 7  
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3.7.4 Ultimate Factor of Safety. - The ult imate f ac to r  of safety 
s h a l l  not be l e s s  than 1.5.  
increased i n  weld areas a s  required i n  paragrarh 3.7.7. 
A t  l i m i t  load times t h e  ult imate fac tor  of sa fe ty  there  
s h a l l  be no s t ruc tura l  f a i lu re s .  

This f ac to r  of sa fe ty  s h a l l  be 

3.7.5 Proof Pressure Factor. - The proof pressure f ac to r  s h a l l  
be 1.33 applied t o  the design in t e rna l  pressure specified 
i n  paragraph 3.7.9. 
pressure, the tank sha l l  be f u l l y  capable of meeting the  
requirements of t h i s  specification. 

During and a f t e r  exposure t o  proof 

3.7.6 Vibration Design Factors. - The applied v ibra t iona l  
environment given i n  Table I11 f o r  launch and boost, 
translunar,  and lunar descent phases of the mission 
consis ts  of random excitation up t o  2000 cps. The high 
acceleration density leve ls  a t  low frequencies a r e  
presented f o r  use i n  design analysis only since 
avai lable  t es t  equipment i s  incapable of reproducing 
the  complete spectrum. 
Table I V  include separate sinusoidal vibrat ions t o  
account f o r  t h i s  low frequency portion of the  random 
spectrum as  w e l l  as t o  determine t h e  design adequacy 
i n  individual vibration modes. 
of paragraph 4.3.8 and Table I V  (Qual i f icat ion Test 
Conditions) f o r  test procedures and times. 
vibrat ional  vaUes given i n  Table I V  s h a l l  be considered a s  
part of t he  vibrat ional  design. 

The tes t  requirements of 

See tes t  requirements 

The ultimate 

For s t ruc tu ra l  l imi t  and ultimate loads, the  following 
fac tors  of sa fe ty  shall be applied t o  t h e  vibrat ion 
amplitudes of Table 111. 

3.7.6.1 L imi t  Loads. - 
( a )  Re-launch packaged and unpackaged sinusoidal level  

1 .0  applied t o  g and double amplitude. 



a 

0 

a 

3.7.6.1 

3.7.6.2 

3.7.6.3 

3.7.7 

3.7.8 

( Cont h u e d  ) 

( b )  

( c )  Random levels  during a l l  phases: (1.3)2 applied t o  

Launch, boost, translunar,  descent sinusoidal leve ls  : 
1.3 applied t o  g and double amplitude. 

g2lCPs * 

Ultimate Loads. - 
( 8.) fie-launch packaged and unpackaged sinusoidal leve ls  : 

1.5  applied t o  g and double amplitude. 

( b )  

( c )  Random levels  during all phases: (1.5)2 applied t o  

Laurch, boost, translunar,  descent sinusoidal levels :  
1 . 5  applied t o  g and double amplitude. 

g2/cps 

Vibration Amplification Factor. - The vibrat ion amplifica- 
t i o n  f ac to r  of the design s h a l l  not exceed 10 over the  
vibrat ional  ranges specified i n  Table 111. This f ac to r  
s h a l l  be defined as the t o t a l  displacement of any point 
divided by the displacement a t  the  input points.  

Weld Factor. - For design of welded jo in t s ,  the  s t r e s ses  due 
t o  the  design in te rna l  pressure of paragraph 3.7.9 s h a l l  be 
increased by a weld fac tor  of 1.33 above those obtained when 
the  f ac to r s  of paragraph 3.7.3 and 3.7.4 a re  applied. The 
resu l t ing  s t r e s ses  sha l l  not exceed the  allowable s t r e s ses  
specified i n  paragraphs 3.16.3.2.8 ( a t  welds). 

Ehvironmental Factors. - The fac tor  of sa fe ty  f o r  design, 
proof and ultimate s h a l l  be equal t o  1.0 f o r  the  following 
environmentrj l i s t e d  i n  Table 111. 

cd. 2 0 1 1  L y - 1 I ) C  9 1 Y T  EDP S k i  No.- 
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3.7.8 

3.7.9 

3.7.10 

3.7.11 

3.7.12 

3-7-13 

3.7.14 

( Continued) 

( a )  Humidity 
(b )  Rain 
( c )  Salt Spray and Fog 
(d)  Sand and h s t  
( e >  Fw3us 
( f )  Ozone 
( g )  Hazardous Gases 
( h )  Radiation 

Design In te rna l  Pressure. - The l i m i t  design in t e rna l  pres- 
sure i s  270 psia.  This pressure r e su l t s  from the  f l u i d  
expulsion system and i s  based on the system r e l i e f  valve 
pressure se t t ing .  

Ullage Volume Pressure. - The l i m i t  value of t h i s  pressure 
can vary from 15  t o  120 psia and r e su l t s  from the propellant 
loading back pressure. Variations i n  pressure a r e  due t o  
temperature variations of the f l u i d  enclosed i n  the tank. 
This pressure i s  not addi t ive t o  the  design in t e rna l  pressure 
of paragraph 3.7.9. 

d ros t a t i c  Pressure. - Hydrostatic pressure and i n e r t i a  
E r c e s  s h a l l  be based on a f l u i d  density of .0525 lbs/in3. 

Design Accelerations. - L i m i t  values of design accelerations 
a re  specified i n  Table 111. Design conditions based on 
combinations of these accelerations and the  pressure of 
paragraph 3.7.10 are given i n  Table 111. 

Leakage. - The t o t a l  leakage r a t e  of the Propellant Tank 
Assembly shall not exceed 10-3 cc/sec when the tank is 
pressurized, a t  70' - + 20%, w i t h  helium a t  15 psia and then 
a t  VO psia.  

Baffle St i f fness .  - The baffles and ba f f l e  assembly i n s t a l l a -  
t i o n  within the  tank s t ruc ture  s h a l l  be designed w i t h  
su f f i c i en t  stiffness or  clearances BO t h a t ,  under the  
conditions specified i n  Table I11 there  s h a l l  be no physical 
damage t o  the tank o r  pyrophoric reaction. 



a 
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3.7.14.1 Baffle Design Conditions. - The l imi t  design loads f o r  t he  
ba f f l e s  s h a l l  be based on a d i f f e ren t i a l  pressure equal t o  
an equivalent head of f l u i d .  
f l u i d  head f o r  t h e  load d is t r ibu t ions  considered a r e  
specified i n  Figure 3. 
ident i f ica t ion  are specified i n  Figure 2. The following 
conditions s h a l l  be considered i n  design. For each 
condition a l l  loading cases specif ied a re  applied 
simultaneously. 

The maximum value of the 

Ring ba f f l e  and support frame 

Condition IA: 

Loading Case 1. 
Loading Case 2. 
Loading Case 3. 

on Ring Ehffle I 
on Ring Baffle I1 
on Support Frames between Ring Baffles I & I11 

Condition lB: 

Loading Case 1. 
Loading Case 2. 
Loading Case 3. 

on Ring Baffle I 
on Ring Baffle I1 
on Support Frames between Ring Baffles I & 111 

Condition 2A:  

Loading Case 1. 
Loading Case 2. 
Loading Case 3. 

on Ring Baffle I1 
on Ring Baffle I11 
on Support Frames between Ring Baffles I1 & I V  

Condition 2B: 

Loading Case 1. - on Ring Babfle I1 
Loading Case 2. 
Loading Case 4. 

on Ring Baffle I11 
on Support Frames between Ring Baffles I1 & IV 

Condition 3: 

Iroading Case 1. 
b a d i n g  Case 2. 
Loading Case 3. 

on Ring Baffle I11 
on Ring Baffle IV 
on Support Frames between Ring Baffle I11 
and Baf f le-Tank Support Plane 
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3.7.14.1 ( Continued) 

Condition 3: 

Loading Case 1. 
h d i n g  Case 2. 
Loading Case 4. 

Condition 4A: 

Loading Case 1. 
Loading Case 3. 

Condi t i on 4B : 

Loading Case 1. 
b e d i n g  Case 4. 

on Ring Baffle 111 
on Ring Baffle I V  
on Support Frames between Ring Baffle I11 
and Baffle-Tank Support Plane 

on Ring Baffle I V  
on Support Frames Between Ring Baff le  IV and 
Baff le-Tank Support Plane 

on Ring Baff le  IV 
on Support Frames Between Ring Baffle I V  and 
Baffle-Tank Support Plane 
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3.8 Capacity. - The propellant capacity of the tank including 
ullage volume s h a l l  be no l e s s  than 98,119 cubic inches a t  
65'F, a s  shown i n  the following tab le .  

Item 

Propellant Volume 

Ullage Volume 

Measurement Equipment 
Allowance 
(Quantity, Temperature 
and Pressure Monitoring) 

Baffle Volume 

~~~~ 

T o t a l  Required 
Internal Volume 

Volume Required 
cubic inches 

Included i n  propellant 
volume above. 

1.50 

Not included i n  propellant 
volume above 

98,269 plus baf f l e  
vo lume 

i 
i 
1 
I I 
1 

I 

I 

I 
I 
! 

i 

I 

I 

i 

Enm-ZlBC 
ED? Shea No.- 

~ 
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3.9 

3.10 

3.11 

3.12 

3.12.1 

3.13 

Residual Fluids. - The Propellant Tank Assembly s h a l l  
incorporate design features which s h a l l  keep residual  f l u ids  
t o  an absolute minimumwhen i n  the  in s t a l l ed  posit ion.  

Bonding. - Bonding sha l l  be i n  accordance with requirements 
of LSP-390-001. 

F a i l  Safe. - Design sha l l  be such t h a t  par t  f a i lu re s  s h a l l  
not propogate sequentially, i .e.,  the  design s h a l l  be "fai l -  
safe". 

Interchangeabili ty.  - Items designated a s  interchangeable 
s h a l l  be capable of being interchanged o r  subst i tuted,  any 
one f o r  another, without modification or  select ion,  and w i l l  
provide the  same design, engineering and physical and func- 
t i o n a l  charac te r i s t ics  required of the  or ig ina l  items and w i l l  
require no modification of any assembly or system i n  which 
e i the r  may be used. 

Interchangeable Items. - The following l i s t e d  i t e m s  covered 
by t h i s  specif icat ion s h a l l  be interchangeable: 

( a )  Propellant Tank (Assembly) 

(b)  Tank Subassembly (except a t  s k i r t  in te r face  attaching 
har &ar e ) 

(c)  Cover Subassembly 

(a)  
(e) Bolts, Cover Subassembly 

( f )  

Cover Seal  ( i n i t i a l  i n s t a l l a t ion  only) 

A l l  removable de t a i l  pa r t s  which a re  physically similar 

Replaceability. - Items designated as replaceable s h a l l  meet 
a l l  t he  requirements of interchangeable items except t h a t  
operations such as dr i l l ing ,  f i l i n g ,  polishing, e tc . ,  may be 
required i n  the  process of replacement. "Replaceable" s h a l l  
include replacement of an i t e m  which was previously 
i n s t a l l e d  or  replacement with a new i t e m .  
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3.14 Maintainabili ty,  - The design s h a l l  include connections, 
f i t t i n g s ,  and similar items which may be disassembled as 
w e l l  as access t o  them and access f o r  replacement of 
assemblies, servicing, and adjustment. These features  s h a l l  
be subject t o  Grumman approval and s h a l l  be provided as shown 
necessary by the Re l i ab i l i t y  Analysis and the  Maintainabili ty 
Analysis, performed during preliminary design stages as 
required by the  Purchase Order, 

3-15 Accessibi l i tx .  - Access s h a l l  be provided f o r  i n s t a l l a t ion ,  
inspection and maintenance of t h e  Propellant Tank Assembly. 
Access s h a l l  require  a minimum of disassembly or displacement 
of par t s ,  readjustments, resealing, reinspecting, spec ia l  
too ls  or equipment. 

3.16 Materials,  Par ts ,  and Processes. - Materials,  p a r t s  and 
processes s h a l l  be selected t o  meet de ta i led  requirements 
determined by design analysis based on function, r e l i a b i l i t y  
and the environment generated by operation of the  uni t ,  as 
wel l  as the  conditions specif ied herein. Materials,  par ts ,  
and processes s h a l l  be subject t o  Grumman approval. 

3.16.1 Materials. - 
3.16.1.1 Titanium Alloy. - A l l  t itanium pa r t s  specif ied herein s h a l l  

be made of a material which, as a minimum, meets with the  
requirements of MIL-T-9047C Class 5 or  MILT-9046C Class 2. 
When other requirements of t h i s  specif icat ion impose higher 
or more s t r ingent  requirements, then the  highest  o r  most 
s t r ingent  requirements s h a l l  govern. 

Dissimilar Metals. - Dissimilar metals s h a l l  not be used i n  
contact with each other, unless su i tab ly  protected against  
e l e c t r o l y t i c  and chemical corrosion or  deter iorat ion t o  
the extent t h a t  no contamination or  operational impairment 
is added t o  the  system fo r  the l i f e  of t he  par t .  The f lu ids  
and environmental conditions specif ied herein s h a l l  be 
considered when determining the existence of an undesirable 
diss imilar  metal combination. 

3.16.1.2 

EDP Sheer No.- 



3.16.2 

3.16.2.1 

3.16.2.2 

3.16.2.2.1 

3.16.3 

3.16.3.1 

Parts. - - 
Limited Life Items. - The use of par t s  whose l i f e  i s  an t i c i -  
pated t o  be less than the required l i f e  of t he  Propellant 
Tank Assembly s h a l l  be avoided. 
m u s t  be used, the part s h a l l  be marked t o  indicate  da te  of 
manufacture and the  ant ic ipated end of useful  l i f e  e i t h e r  
by date  o r  number of duty cycles or both. 

When t h i s  type of par t  

Fastening Devices. - A l l  fastening devices, including those 
with s e l f  locking features ,  s h a l l  incorporate posi t ive 
safetying provisions. 
i n  bearing s h a l l  not be used. 

Fastening devices which place threads 

Cover Attaching Bolts. - The b o l t s  used t o  a t t ach  the Cover 
Assembly t o  the  tank Subassembly s h a l l  have an a n t i - g a l l  
coating and other necessary fea tures  t o  insure proper 
i n s t a l l a t i o n  without damage t o  threaded portions of the  
tank or t he  bol t .  

Processes. - 
Fabrication and Heat Treat Processes. - Specific fabr ica t ion  
and heat treat processes employed t o  meet the requirements 
of t h i s  spec i f ica t ion  shall be es tab l i sed  and recorded. 
These processes s h a l l  include but are not l imited t o  the  
following : 

( a )  

(b)  Preheat cycle 

( c )  Solution anneal cycles 

( d )  Aging cycle 

(e )  Quench media and time 

( f )  Furnace atmosphere 

(g) Tooling and fixtures 

( h )  Process, practice,  and controls t o  be used 

(i) 

Annealing and s t r e s s  re l ieve  temperatures 

Capabili ty demonstration - d i s to r t ion  control  and 
correction, metallurgical and mechanical propert ies .  
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3.16.3.2 

3.16.3.2.1 

3.16.3.2.2 

3.16.3.2.3 

3.16.3.2.4 

3.16.3.2.5 

3.16.3.2.6 

3.16.3.2.7 

Weldlnq. - A l l  welding of the  tank sub-assembly s h a l l  be 
performed by Grumman approved methods of mechanized tungsten 
(TIG) i n e r t  gas process using an i n e r t  gas chamber o r  equi- 
valent l oca l  i n e r t  g a s  shielding. 
s h a l l  be In  accordance with Section 4 of t h i s  specif icat ion.  

Cr i te r ia  f o r  approval 

Type of Weld. - Only b u t t  welds s h a l l  be permitted. 

Ine r t  Shielding Gas. - I n e r t  gas used f o r  shielding s h a l l  be: 

( a )  Argon i n  accordance with MILA-18455B. 

(b)  Helium Grade A i n  accordance with U.S. Department of 
I n t e r i o r  Bul le t in  585. 

( c )  Any combination of ( a )  and ( b )  of a grade spec i f ica l ly  
designated f o r  welding, and with a maximum dew point 
of - 6 5 O ~ .  

F i l l e r  Wire. - F I l l e r  wire used f o r  welding s h a l l  be 
commercially pure Titanium i n  accordance with AMS4951. 

Mismatch. - The allowable mismatch of welded sections sha l l  
be 0.010 inch maximum before welding. 

Weld Bead. - The width of the  weld bead s h a l l  be ID greater 
than 4 t i m e s  the  wall thickness of the  tank a t  any weld 
j o i n t .  The maximum buildup of t he  weld bead s h a l l  be equal 
t o  or  less then 0,045 inch on the O.D. and 0.030 inch 
on the  I.D. 

Penetration. - Complete lO(l$ penetration s h a l l  be achieved 
throughout the  length of t h e  weld. 

Planishing. - Weld beads s h a l l  not be planished. Grinding, 
machining, scarfing, o r  repa i r  of t he  f i n a l  face or  the  
root  bead may be done only with the permission of Grumman. 
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3.16.3.2.8 

3.16.3.2.9 

3.16.3.2.10 

3.16.3.3 

Material  Properties. - Uniaxial mater ia l  properties of heat 
t rea ted  tanks and covers, as determined by roan temperature 
examination of tes t  couponsj s h a l l  be i n  accordance with the  
following requirements: 

(Tank and Cover) (Tank Only) 
Parent Material Transverse Longitudinal 

A t  Welds A t  Welds 

Ultimate strength 165 , ooo 130,000 155,000 
( p s i )  min. 

Yield strength 0.2% 155,000 120,000 145,000 
o f f se t  ( p s i )  min. 

Elongation ( $  i n  1 
inch) a 4 5 

Reduction of area 
3 min. 10 - 
Stress  Relievine. - A l l  welds shall be aged o r  stress 
relieved, o r  both. 

Rework Procedure. - Should weld discont inui t ies  be detected 
i n  excess of the requirements of 4.4.1.1.5, the  defective 
areas s h a l l  be repa i r  welded using the procedure developed 
i n  paragraph 4.4.1.1.4. No more than two repa i rs  s h a l l  be 
permitted i n  the  same area.  

Other Weldments. 
welding i s  performed i n  an i n e r t  gas chamber or equivalent 
having adequate controls t o  insure sound welds. I n e r t  gas 
s h a l l  conform t o  paragraph 3.16.3.2.2. 
performed by cer t i f ied  welders. 
i n  weld metal or  parent m e t a l  s h a l l  not be acceptable. 
welds s h a l l  be inspected by fluorescent penetrant method. 

Manual welding is permitted provided 

Welding s h a l l  be 
Visible cracks of any kind 

All 
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3-17 

3.17.1 

3.17.2 

3.18 

3.18.1 

3.19 

3.20 

3.21 

3.21.1 

3.21.2 

Finish. - 
Interior. - None 
Ekterior. - None 
Dimensions. - Dimensions shall be as shown on applicable 
Specification Control Drawings noted herein. 

Tolerances. - Tolerances shall not exceed those specified 
on the applicable Specification Control Drawings. 

- The maximum Propellant Tank Assembly weight shall 

Surface Roughness. - Surface roughness shall be established 
for all interior and exterior surfaces and specified in 
accordance with MILSTD-10A. Values established on 
Specification Control Drawings 1 ~ ~ 2 8 0 - 4 0 1  and E 2 8 0 - 4 0 3  
shall not be exceeded. 

Cleanliness. - The interior of the Propellant Tank Assembly 
shall meet the cleanliness requirements of LSP-27O-OOOl when 
tested in accordance with paragraph 4.4.3.2.2.6. 
shall then be packaged and sealed in a manner that the 
cleanliness level will be maintained under all prelaunch 
conditions until used. 

The tank 

Cleaning Process. - The cleaning process shall not impair 
the cleanliness status or other requirements of the 
Propellant Tank A'ssembly. 
acid cleaning treatments in order to ensure against 
hydrogen pickup. 

Caution should be used during 

Marking. - Each Propellant ?hnk Assembly which has been 
tested and approved as clean in accordance with 3.21 shall 
have a suitable permanent warning marking attached'to the 
outside of the cover subassembly stating "OPEN IN CLEAN 
AREA ONLY". 
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3.22 

3.22.1 

3.22.1.1 

3.22.1.2 

3.22.1.3 

3.22.1.4 

3.22.1.5 

Marking and Ident i f ica t ion .  - The Propellant Tank Assembly 
and i t s  subassemblies, and parts s h a l l  be marked and 
ident i f ied  a s  specified below: 

Ident i f ica t ion  Terms. - 
Nomenclature. - Nomenclature shal l  be the  same a s  the 
approved t i t l e  of the specification or  drawing t o  which the  
i t e m  i s  designed. I n  a l l  instances, the pr incipal  
identifying noun or  noun phrase s h a l l  appear first.  Where 
l imi ta t ion  of space precludes spe l l ing  out the en t i r e  
t i t l e ,  it may be abbreviated t o  the following extent:  the 
pr incipal  noun or  noun phrase s h a l l  be spel led out and 
the  s ign i f icant  modifiers (which establrsh accurate ident i f  i- 
cation) abbreviated per MILSTD-12B. 

Design Control Number. - This number i s  used t o  ident i fy  
design control documents (e .  g. : Grumman o r  vendor specif i -  
cation number). 
specif icat ions and engineering drawings control  t he  design 
and production of an i t e m .  

It is assigned by the  design a c t i v i t y  whose 

S e r i a l  Number o r  Lot Number. - S e r i a l  o r  l o t  number assignment 
s h a l l  be established by procedure subject t o  Grumman approval. 
These numbers s h a l l  be unique and consecutively assigned t o  
items bearing the iden t i ca l  manufacturer's pa r t  number. 

Contract Number. - The contract number (NAS 9-1100) i den t i f i e s  
t he  NASA/Grumman contract for  t he  LEN. 
marked on a l l  items. Items purchased or  subcontracted by 
Grumman, sha l l ,  i n  addition, be marked with the  applicable 
Purchase Order (P.O. ) number. 

This number s h a l l  be 

Manufacturer's Part Number .  - The manufacturer's par t  number 
shal l  be the  number identifying the drawing (including dash 
number(s) if the  drawing I s  tabulated o r  mul t ide ta i l )  t o  
which an item i s  ac tua l ly  manufactured. Number assigned 
t o  ident i fy  sa les ,  out l ine,  i n s t a l l a t ion ,  specif icat ion 
control  o r  purchase control  drawings f o r  procurement of 
item6 by contractors s h a l l  not be used as the  manufacturer's 
part number. An i t e m  shall always be iden t i f i ed  by the  
part number assigned by the  manufacturer throughout i t s  
life, regardless of where used. 
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3.22.1.6 

3.22.1.7 

3.22.1.8 

3.22.2 

Manufacturer's Name, Trademark or Code Symbol. - The name, 
trademark or code symbol entered shall be that of the 
activity who establishes and is responsible for the 
M?nufacturer's identification, provided it is clearly 
separated therefrom by a dash, slash, parentheses, or other 
suitable means. 

Special Characteristics and Information. - Under this 
heading pertinent rating, operating characteristics, assembly 
date and other information necessary for identification, 
if any, may be entered. (See paragrah,h 3.16.2.1.) 

- U.S. - The notation "U.S." shall denote Government ownership. 
Other notations such as USA, NASA, or LEN shall not be used. 

Identification Data Requirements. - All items shall be 
identified in accordance with this specification prior to 
being subjected to their quality assurance requirements. 
The following identification data shall apply to all items: 

Nomenclature 

Design Control No. 5 (The applicable Grumman Specification 
Control Drawing No. and dash no. ) 

Serial Number 

Contract Number 

Manufacturer's F'aFt Number 

Manufacturer's Name, Trademark or Code Symbol 

Special Characteristies (when applicable) 

U . S .  (Notation) 
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3.22.3 

3.22.3.1 

3.22.3.2 

3.22.3.3 

3.22.4 

3.22.5 

Location of Nameplate o r  Markings. - Wherever possible, t he  
nameplate or  marking s h a l l  be v i s ib l e  and readable a f t e r  t he  
i t e m  i s  assembled or  instal led.  

Ident i f ica t ion  of Items Without Suitable o r  Suf f ic ien t  
Marking Surface. - Items which do not have su i tab le  o r  
suf f ic ien t  surface t o  r e f l ec t  the  canplete ident i f ica t ion  
data sha l l ,  a s  a minimum, be ident i f ied  with the  manufacturer's 
par t  number and the  s e r i a l  or l o t  number. 
possible, t he  i t e m  s h a l l  be accompanied by su i tab le  means 
of ident i f ica t ion  subject t o  Grumman approval. 

Where t h i s  i s  not 

Ident i f ica t ion  of Unmarked Items Subject t o  Removal After 
Ins ta l la t ion .  - The ident i f ica t ion  of unmarked items subject 
t o  removal a f t e r  i n s t a l l a t ion  s h a l l  be applied t o  the i t e m  
t o  which the  unmarked item is assembled. This marking s h a l l  
be on a surface adjacent t o  the unmarked item when assembled. 

Items Intended f o r  Permanent Ins t a l l a t ion .  - Items which 
lose t h e i r  i den t i ty  a f t e r  i n s t a l l a t ion  (e.g.:  items 
Ins ta l led  by welding and non-removable hardware) s h a l l  not 
be re ident i f ied .  

Reworked or  Selected Items. - Items reworked o r  selected f o r  
special  fit, performance or tolerance s h a l l  require new or  
supplemental ident i f ica t ion  data a6 specified i n  3.22.2. 

Methods of Marking. - Ident i f icat ion of items s h a l l  be 
accomplished by marking methods, materials and nameplates 
which w i l l  not adversely affect  t he  l i f e  or u t i l i t y  
of the items t o  which they a r e  applied. 
s h a l l  be capable of withstandlng the  environmental and 
l i f e  expectancy of t he  i t e m  t o  which they a r e  attached, 
and s h a l l  be permanent and legible  f o r  ready ident i f ica t ion .  
Metal stampe or  e l e c t r i c  stencling s h a l l  not be used on 
f inished hardware. 

All markings 
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3.22.5.1 Selection of Materials and Methods of Application. - 
Iden t i f i ca t ion  s h a l l  be accomplished by one of the  following 
methods : 

( a )  Nameplates Attached by a method allowing 
a l t e r a t ion  of data without 
requiring r e t e s t ing  per Section 4. 

( b )  S tenc i l  o r  Applied over ex ter ior  f i n i s h  and 
decalcomania removable or  otherwise a l t e r ab le  
t r ans fe r  without a f fec t ing  the ex ter ior  

f i n i s h .  

( c )  Acid o r  e l e c t r i c  Shall  be located where ob l i t e r -  
ation and addi t ional  markings 
may be added without tes t ing .  

3.23 Workmanship. - A l l  phases of workmanship s h a l l  be performed 
i n  a thoroughly workmanlike manner i n  accordance with the 
applicable drawings, specif icat ions,  and standards. 
Processes and manufacturing methods, not covered by spec i f i -  
cations s h a l l  be e n t i r e l y  suitable f o r  the  a r t i c l e ,  and work- 
manship s h a l l  be i n  accordance with high grade spacecraft  
pract ice .  The qua l i ty  of workmanship s h a l l  not degrade the  
r e l i a b i l i t y ,  performance, and l i f e  inherent i n  the  design 
of the  a r t i c l e .  A l l  surfaces sha l l  be emooth and free from 
porosity,  burrs,  chips, dents, and other irregularities. 

4 QUALITY ASSURAN(=E PROVISIONS 

4.1 General. - This sect ion of the specif icat ion.  es tabl ishes  
the  general  test and inspection requirements t o  be followed 
during the propellant tank t e s t  program. The program s h a l l  
consis t  of t h e  following t e s t  categories:  

( a )  Developnent Tests 

(b)  Qualif i ca t lon  Tests 

( c )  Acceptance Tests 
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4 .1 .1  

4.2 

4 . 2 . 1  

4.2.2 

4.2.2.1 

4.2.3 

4.2.4 

Witnessing of Tests. - Grumman and the  designated government 
inspection agency s h a l l  be advised one week i n  advance 
when t e s t s  a r e  t o  be conducted so  t h a t  representatives 
may be present t o  witness the t e s t s .  

Test F a c i l i t i e s .  - 

General. - Private,  commercial o r  government t e s t  f a c i l i t i e s  
may be used subject t o  Grumman approval. 

Environmental Test F a c i l i t i e s .  - The environmental t e s t  
f a c i l i t i e s  used i n  conducting t e s t s  s h a l l  be capable of 
producing and maintaining the t e s t  conditions outlined 
i n  the t e s t  plan. These f a c i l i t i e s  s h a l l  be of a s i z e  
and volume such t h a t  t he  Item under t e s t  sha l l  not 
i n t e r f e re  with the generation and maintenance of the 
required t e s t  conditions. 

Environmental Protection. - Equipnent which requires spec ia l  
environmental control,  such a s  hermetic seal ing,  insulat ion,  
vibrat ion i so l a t ion ,  e t c . ,  s h a l l  be t e s t ed  w i t h  the  spec ia l  
environmental control  applied. 

Standard Conditions. - Tests conducted without u t i l i z i n g  
spec ia l  environmental sha l l  be conducted under t h e  following 
standard ambient conditions: 

( a )  Temperature 5 7 O  t o  9 7 O  

( b )  Relative Humidity 95$ or less 

( c )  Barometric Pressure Local Atmospheric 

Instrumentation Calibration. - A l l  inspection measuring 
and tes t  equipnent s h a l l  be cal ibrated against  c e r t i f i e d  
secondary standards which have been cal ibrated against  
primary standards by the  National Bureau of Standards or 
an accepted t e s t i n g  organization. 
i n t e rva l s  s h a l l  be proposed by the  vendor and be subject  
t o  approval by Grunrman. Records s h a l l  be maintained 
indicat ing t h e  date of last ca l ibra t ion  and due date .  

The ca l ibra t ion  



4.2.4 ( Continued) 

The due date s h a l l  be displayed on each item of inspection, 
measuring and t e s t  equipnent or t oo l s .  
and means s h a l l  be provided for  periodic operational checks 
on each item of inspection, measuring, and t e s t  equipnent 
p r io r  t o  use. ( e .  g . ,  wamup and s e t t i n g  of e lec t ronic  
instruments, and check of micrometers against  shop 
standards. ) 

The procedures 

4.2.4.1 Test Condition Tolerances. - The tolerance on tes t  conditions 
s h a l l  be specif ied f o r  each t e s t .  Acceptable values are:  

(1) Temperature - + 3 . 0 O ~  

( 2 )  Vibration Amplitude 2 10% 

(3) Vibration Frequency 2 24 

(4) Randm. Vibration The vibrat ion accelerat ion densi ty  
applied t o  the  t e s t  shall be within 
- + 2db of the  specif ied tes t  l e v e l  
over broad regions of the  spec.Crum 
between 20 and 1000 cps and 2 4 db 
between lo00 and 2000 cps. 

( 5 )  Shock Amplitude - + 154 

(6) Acceleration Amplitude 2 54 
(7) Barometric Pressure - + 24 

(8) Humidity - + 54 
( 9 )  Time - + 5 4  

(10) Pressure - + 5% 
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4.2.5 Sensing and Recording Equipnent. - Sensing and recording 
equipnent of adequate response s h a l l  be used t o  obtain data 
during t rans ien t  conditions of the  propellant tank tests 
requiring t h e  evaluation of t i m e  versus t e s t  data.  

4.2.6 Mounting Fixtures.  - The mounting f ix tu re s  s h a l l  support 
the  items under t e s t  i n  a manner tha t  i s  representative 
of t h e i r  location i n  the LE24 System. 

4.3 Test Procedures. - 
4 .3 .1  Leakage. - 
4.3.1.1 Leak Detection. - The propellant tank s h a l l  be t e s t ed  for 

leaka e a t  a pressure l eve l  of 15 psig and then 270 psig 
a t  70 !F 2 20°F. The vendor sha l l  propose methods of leak 
detection f o r  the propellant tank assembly. 
leak s h a l l  require t h a t  t h e  item be submitted t o  a leakage 
r a t e  t e s t .  The t o t a l  leakage r a t e  s h a l l  not exceed the  
equivalent of a 10-3 cc/sec. helium leakage r a t e  f o r  the  
above pressure and temperature a s  specified i n  FED-STD-151 
method 441 o r  442. 

Any detectable 

4.3.1.2 Vacuum Leakage Rate. - When vacuum leakage r a t e  tests a re  
reauired,  the  sealed tes t  specimen s h a l l  have a small 
known amount (10-15s by v o l k e )  of helium inser ted i n t o  it 
pr ior  t o  sealing. 
a vacuum chamber capable of a t ta in ing  pressures i n  the  
10-6 mm of Hg. range o r  lower. 
evacuated and a leak check made using a cal ibrated 
helium mass spectrometer, and the ac tua l  percentage of 
helium used, shall be noted. 

The test specimen s h a l l  be placed i n  

The chamber s h a l l  be 

4.3.2 Proof Pressure. - The tank sha l l  be f i l l e d  w i t h  a 
pressurizing l iquid,  and the pressure s h a l l  be increased 
t o  360 psig i n  increments of 25 psig. 
increase should not be greater than 25 psig per minute. 
Each incremental l eve l  of pressure shall be held f o r  data 
acquis i t ion and the proof pressure s h a l l  be maintained 
fo r  a t  l e a s t  2 minutes. 

The r a t e  of pressure 
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4.3.3 Creep. - The tank s h a l l  be f i l l e d  w i t h  a pressurizing l iqu id  
and mounted i n  a thermal chamber with provisions f o r  
access ib i l i ty ,  v i sua l  inspection and drainage. The 
temperature of the specimen and chamber i n t e r i o r  s h a l l  
be s t ab i l i zed  a t  100'F. 
t o  270 psig a t  a r a t e  not t o  exceed 25 psig per minute. 
The temperature and pressure s h a l l  be maintained f o r  a 
continuous period of 6 hours. Data recordings s h a l l  be 
made per iodical ly  during the course of t h e  t e s t ,  and should 
include but not be l imited t o  temperature, pressure, s t r a in ,  
and circumferential  growth a l l  with respect t o  time. 

Then the  tank s h a l l  be pressurized 

4.3.4 Cycling Pressure. - The t e s t  set-up s h a l l  be s imilar  t o  
t h a t  used i n  proof pressure t e s t i n g  with a servo system 
included i n  the  in s t a l l a t ion  f o r  control l ing the  pressure 
cycle. The tank s h a l l  be f i l l e d  with the pressurizing 
l iquid,  and the pressure shal l  be cycled 400 times between 
0 psig and 270 psig. 
cycle shall not be less than 30 seconds. 

The time duration f o r  each complete 

4.3.5 B u r s t .  - The tes t  set-up sha l l  be s imilar  t o  t h a t  wed i n  
proof pressure t e s t .  
pressurizing l iqu id ,  and the pressure s h a l l  be increased 
continuously t o  a l eve l  of 270 psig a t  a r a t e  not t o  
exceed 25 psig per minute. Pressure s h a l l  then be increased 
t o  405 psig In 10 ps i  increments. 
be maintained f o r  30 seconds and the  405 psig l eve l  s h a l l  
be maintained f o r  not l e s s  than 2 minutes. Above 405 
psig pressure w i l l  be increased continuously t o  burst .  
S t ress ,  pressure, and circwnferential growth s h a l l  be 
recorded a t  each 'incremental l eve l  between 270 and 405 
w i g ,  and continuously above 405 psig t o  burst. 

The tank s h a l l  be f i l l e d  w i t h  a 

Each increment s h a l l  

4.3.6 - Shock. - An apparatus s h a l l  be used which i s  capable of 
providing a sawtooth shock load with a l i nea r  r ise time of 
11 + 1 milliseconds and w i t h  a 12 1 millisecond decay t i m e .  The tes t  units shall be mounted empty i n  accordance 
with 4.2.6. 
accompliehed a t  t h e  mounting in te r face  of the  t e s t  
uni t .  The test shal l  be conducted under standard 
conditions of 4.2.3. 

The measurement of t h e  shock input s h a l l  be 

EDP Sheet No.- 



Date: 7-8-64 

P d p  : 28 

4.3.7 Sustained Acceleration. - The t es t  unit s h a l l  be mounted on 
the  tes t  apparatus (centrifuge) i n  such posit ions t o  produce 
the  accelerations shown i n  Table IV a t  the  tank center  of 
gravi ty  and in the directions specified f o r  a par t icu lar  
test. The tank shal l  then be f i l l e d  wi th  f l u i d  of .0525 
lbs/ in .3  density and the  loads applied without pressure and 
wi th  180 psig tank pressure. 
standard condition of 4.2.3. 

The t e s t  s h a l l  be run a t  

4.3.8 Vibration. - A l l  v ibrat ion t e s t s  shall be accomplished 
i n  the three  mutually perpendicular direct ions p a r a l l e l  t o  
the  tank X-X, Y-Y and Z-2 coordinate axes. The tank 
coordiante axes a r e  defined i n  Specification Control Drawing 
~ ~ ~ 2 8 0 - 4 0 0 .  
d i r e c t l y  t o  the shaker head. 
practicable,  s l i p  tab les  may be u t i l i zed .  A complete l o g  
of each vibrat ion t e s t  sha l l  be maintained, including a l l  
resonant frequencies, instrumentation used, design changes 
made, and a detai led account of the performance of the 
equipnent Under test .  If, In attempting t o  equalize 
vibrat ion Input o r  determine f i x t u r e  resonances, it i s  
necessary t o  apply vibration energy t o  t e s t  un i t s  p r io r  t o  
actual tes t ,  the  vibrat ion RMS - g value shall be kept t o  a 
minimum and shall never exceed 50$ of the  ac tua l  t e s t  values. 
The tes t  leve ls  f o r  tanks empty or  fu l l  (wi th  a l i qu id  of 
,0525 lbs/ in .  3 denelty) pressurized or unpressurized are 
given i n  Table IV. The values  of the  t es t  level sha l l  be 
taken fran Table IV and recorded; however, the force  input 
fran the t e a t  fixture t o  the specimen sha l l  not exceed 
11,500 lbs .  when the tanks a r e  full .  

Test units and jig assemblies sha l l  be mounted 
If t h i s  type of mounting i s  not 

4.3.8.1 Vibration Fixtures. - The f ix ture  connecting the tes t  un i t  
with the  shaker head shall be capable of t ransmit t ing the 
vlbrat ions specified herein. Resonant frequencies of 
fixtures campensated fo r  t e s t  un i t  mass, s h a l l  be above 
750 cps. 
produced by these fixtures shal l  not exceed the  vibrat ion 
leve ls  i n  the transverse direct ion specif ied herein. The 
requirements outlined above s h a l l  be ver i f ied  by a sinusoidal 
vlbrat ion sweep a t  test frequencies using a mass simulated 
dtarny test item. 

The transverse motion (crosstalk)  i n  any d i rec t ion  
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4.3.8,2 Sinusoidal Vibration. - The vibration input leve ls  s h a l l  be 
measured a t  or  near each t e s t  un i t  mounted location. 
Whenever more than four  mounting locations ex is t ,  only f o u r  
points need be monitored. 
of the  mounting locations can be used a s  the  servo control 
input prodded tha t :  

Any accelerometer fastened a t  one 

( a )  The control input maintains levels  a t  the t es t  
frequency within - + 1 db of the  requirements. 

The l eve l  a t  any input location i s  within - + 4 db of 
t h e  requirements a t  t h e  tes t  frequency. 

(b) 

( c )  The average of a l l  inputs a t  the  test  frequency 
i s  within - + 2 db of the requirements. 

Exceeding the  lower l i m i t s  of the above tolerances s h a l l  be 
cause f o r  re jec t ion  of the delinquent portion of the t e s t  
and s h a l l  necessi ta te  rerunning only t h a t  portion of t he  
vibrat ion t e s t .  The recording of the accelerometer output 
s ignals  s h a l l  be accomplished on a continuous recording device. 
The recording device s h a l l  have a response capabi l i ty  such 
t h a t  the complete signal wave form may be examined and 
analyzed. A sinuosidal vibration sweep t e s t  a t  50% of the 
required sinusoidal leve ls  s h a l l  be conducted t o  demonstrate 
canpliance with the required control  l i m i t s .  

Random Vibration. - The vibration input f o r  t h i s  t e s t  s h a l l  
be controlled from the same accelerometer a s  used t o  control 
the  sinusoidal vibrat ion t e s t .  The spectrum a t  t es t  leve ls  
s h a l l  be analyzed and a plot of acceleration spec t ra l  density 
($/cps) versus frequency sha l l  be compiled f o r  each random 
tes t .  The andyzing  f i l t e r  s h a l l  have a maximum band width 
of l / 3  octave o r  100 cps, whichever i s  l e s s .  

4.3.8.3 

Tests. - - 4.4 
4.4.1 Developnent Tests. - Developnent tests s h a l l  be conducted t o  

provide data t o  be used In the design o r  i n  t h e  support of 
the  design of the  propellant tank assembly. 
s h a l l  be w e d  t o  determine s t ress - to- fa i lure  mode End weak 
l i n k  charac te r i s t ics  f o r  ver i f ica t ion  of analysis and 
determination of strength margins. 
factors shall be substantiated during developnent tes t ing .  

Developnent tests 

Vibration amplification 
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4 .4 .1  (Continued) 

Developnent t e s t s  s h a l l  be categorized a s  follows: 

( a )  Design Feas ib i l i t y  Tests 

(b )  Design Verification Tests 

4 .4 .1 .1  Design Feas ib i l i ty  Tests. - Design f e a s i b i l i t y  t e s t s  s h a l l  
include all tests conducted f o r  the  following purposes: 

( a )  Component and part selection. 

(b )  Selection of weldment process, heat t r e a t  process 
and forging process. 

( c )  Selection of materials.  

(d) Substantiation of safety margins or  other ana ly t ica l  
assumptions. 

4 .4 .1 .1 .1 B i l l e t s  and Forgings. - Bi l l e t s  and forgings s h a l l  be i n  
accordance w i t h  the  applicable portions of 3.2.1.1, 3.2.1.3 
and a b l e  11. 

4.4.1.1.2 Weldix.  - Weld process approval f o r  a par t icu lar  weldment 
shall be granted a f t e r  a demonstration has proved t h a t  the  
test  r ings of 4.4.1.1.3 meet the  t e n s i l e  strength requirements 
of 3.16.3.2.8. 
weld, s h a l l  require weld process reapproval. 

Premature f a i lu re  of a test r ing  o r  component 

4.4.1.1.3 T e s t  Rings. - The strength,  d u c t i l i t y ,  and the  poten t ia l  
e f f ec t  of weld defects  sha l l  be evaluated by circumferentially 
welding four test  rings of t h e  diameter and thickness of the 
propellant tanks. 
cedures s h a l l  be ident ica l  t o  those t o  be employed i n  the  
fabr ica t ion  of t h e  propellant tanks. 
inspected f o r  cmpliance with welding requirements of para- 
graph 3.16.3.2 and 4.4.1.1.5. 
longitudinal and s ix  (6) transverse t e n s i l e  t e s t  specimens a s  
shown i n  Figure 1, s h a l l  be machined fran each r ing  and tes ted  
t o  evaluate the  efficiency of t he  weld. 
condition of a l l  t e n s i l e  t e s t  specimens s h a l l  be approved pr ior  
t o  machining and t e s t i n g  as per FED-STD-151 method 211. 
the  event that a welding process change i s  planned during the 

The welding processing d e t a i l s  and pro- 

Each tes t  r ing  s h a l l  be 

A minimum of s ix  (6)  

h c a t i o n s  and 

In  
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4.4.1.1.3 

4.4.1.1.4 

4.4.1.1.5 

4 .4 .1 .1 .5 .1  

4.4.1.1.5.2 

4.4.1.1.5.3 

4.4.1.1.5.4 

( Continued) 

fabr ica t ion  of the  propellant tanks which may e f f e c t  the  
j o i n t  efficency, four  addi t ional  test  r ings a s  described 
above s h a l l  be prepared fo r  test .  

The f e a s i b i l i t y  of producing sound repa i r  welds and multiple 
repa i r  welds s h a l l  be demonstrated by fabr ica t ing  four  
addi t ional  tes t  r ings and t e s t i n g  each ring as fallows: 

( a )  1st 120 degree segment Single welds 

(b )  2nd 120 degree segment repa i r  once. 

( c )  3rd 120 degree segment repa i r  twice. 

The longitudinal and transverse t e n s i l e  specimens s h a l l  be 
taken from each segment of each r ing.  
be 100 percent radiographically inspected. The r e s u l t s  s h a l l  
be submitted t o  Grumman fo r  approval. 

The weldment s h a l l  

Welding Requirements. - 
Imperfect Fusion. - Imperfect fusion i s  defined a s  a condition 
where the weld deposit  metal f a i l s  t o  m e l t  together wi th  the 
base metal o r  previous weld deposite over the e n t i r e  surfaces 
exposed f o r  welding. 

Isolated Porosity. - Isolated porosity i s  defined as a 
condition ex is t ing  when the image of a cavity of maximum 
s i z e  specified i n  Para. 4.4.1.1.5.6 (8) i s  spaced from 
another cavi ty  defined as i so la ted  porosity by a dis tance 
of a t  least . l 5 O  inches. 

Scattered Porosity. - Scattered porosi ty  is defined as a 
condition ex is t ing  when there  a r e  two or  more cav i t i e s  wi th  
diameters specified i n  Para. 4.4.1.1.5.6 (b )  and having a 
minimum distance of 3 times t h e  major diameters between 
the  cavi t ies .  
sca t te red  porosity i s  adjacent t o  i so la ted  porosity.  

This spacing l i m i t  will a l s o  apply when 

T-thickness of Weld. - The T-thickness of weld is  the  thick- 
ness of t he  thinner of t h e  two adjoining edges of material 
a t  the  weld. 
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4.4.1.1.5.5 Radiographic Exmaination. - Radiographic examination shall 
be accomplished by normal vision at IX magnification. A l l  
positive indications discernible by normal vision shall be 
identified. 
vision shall be verified by the utilization of a viewing 
glass at 3 to 5X magnification and disposition given only 
to the questionable indications. Acceptance of the area 
adjacent the questionable indications shall be determined 
by UE visual evaluation. 

Questionable indications dkscernible by normal 

4.4.1.1.5.6 Porosity and Non-Metallic Inclusions. - 
Isolated Porosity - Isolated porosity shall be 
acceDtable, maximum size range shall be .021 to .O25 -~ 

inchms in diameter or 0.35T, whichever is smaller. 
There shall be no more than four (4) inclusions per 
linear inch of weld (Ref. Para. 4.4.1.1.5.2). 

Scattered Porosity - Scattered porosity shall be 
acceptable in size up to .020 inches in diameter. 
There shall be no more than 0.12 inch total 
diameter of inclusions per linear inch of weld 
(Ref. Para. 4.4.1.1.5.3). 

Combined Porosity - The summation of the pore 
diameters as per Para. 4.4.1.1.5.6 (a) and (b) 
whichever is applied shall not exceed ,120 inches 
total diameter per linear inch of weld. 

Porosity with Tails - Porosity with tails or sharp- 
cornered Eoundaries shall not be acceptable. 

Surface Pores - Surface pores larger than .010 inch 
diameter or depth shall not be acceptable. 

Elongated Porosity - Elongated porosity in which the 
major axle twice exceeds the minor axis is not 
acceptable. 

Non-Metallic Inclusions - Non-metallic inclusions 
that are spheroidal in shape shall be included with 
and not in addition to the porosity limits. 



4.4.1.1.5.7 Metall ic Inclusions.  - 

( a )  Metall ic Inclusions - Metallic inclusions t h a t  
a r e  sharp-cornered sha l l  not be acceptable. 

(b) Metallic Inclusions - Metallic inclusions t h a t  
a r e  spheroidal i n  shape s h a l l  be included wi th  
and not i n  addi t ion t o  the  porosity l i m i t s .  

4.4.1.1.5.8 General Defects. - 
( a )  Undercut - Undercut of the weld bead, below the  

face of the  parent metal s h a l l  not be acceptable. 

( b )  Concavity - Concavity of the weld bead, under the  
face of t h e  parent metal s h a l l  not be acceptable. 

( c )  Cracks - Cracks shall  not be acceptable. 

( d )  Incomplete Penetration - Incomplete penetration 
is not acceptable. 

( e )  

( f )  

Imperfect Fusion - Imperfect fusion i s  not acceptable. 

Notches - Notches are  not acceptable. 

4.4.1.1.6 Heat Treat. - The metal lur igical  t e s t  samples defined i n  
4.4.1.1.3 sha l l  be subjected t o  the  same heat t r e a t  
cycle a8 the  production tank. Tensile specimens may 
be straightened p r io r  t o  stress r e l i e f .  

4.4.1.1.7 Mechanical Properties.  - Ultimate strength,  yield 
s t rength,  and elongation, of each t e n s i l e  specimen 
s h a l l  be determined per FED-S!FD-l5l method 211. 
transverse t e n s i l e  specimens B1 and B2 of Figure 1 s h a l l  
be examined as follows: 

( a )  

(b) Microhardness testing-Microhardness surveys 

The 

Macroetch-Photographs (2x) shall be taken of the 
weldment cross-section a s  etched. 

(Knopp 200-gram indenture or equivalent)  s h a l l  be 
conducted on the  weldment cross-sections (weld 
bead through heat affected zone t o  parent m e t a l ) .  
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4.4.1.1.7 ( Continued) 

( c )  Microetch-Photomicrographs (1OOx)  s h a l l  be taken of 
each weldment cross-section. 

4.4.1.1.8 Weldment Inspection. - Each weldment s h a l l  be v isua l ly  
inspected and 1- radiographically, and f luoresent  
penetrant inspected a f t e r  welding, f o r  compliance with 
4.4.1.1.5 p r io r  t o  fur ther  processing. 

4.4.1.1.8.1 Fluorescent Penetrant Inspection. - All weldments s h a l l  be 
loo$ f luorescent  penetrant inspected per MILI-6866~ a f t e r  
f i n a l  processing and a f t e r  acceptance t e s t s  a r e  completed. 

4.4.1.1.9 Heat Treat T e s t  Specimens (Tanks). - Six tes t  specimens 
s h a l l  be machined from equally spaced locat ions on tlie 
trepanned d i sc s  or  t r im rings of each heat t r ea t ed  forging. 
Three specimens s h a l l  be tes ted t o  check the  acceptab i l i ty  
of the  forging per Table 11. 
each tank, three  test specimens or ig ina t ing  from each hemi- 
spherical  forging s h a l l  be suspended a t  equally epaced 
locat ions around the  tank and t e s t ed  t o  check the  f i n a l  
propert ies  of the tank per 3.6.3.2.8. 

During the  stress r e l i e f  of 

4 .4 .1 .1 .9.1 Heat Treat Tes t  Specimens (Cover). - Three tes t  specimens 
s h a l l  be machined from each heat  from which the covers a re  
forged t o  c e r t i f y  the material .  Three addi t iona l  specimens 
from the  same heat f o r  each cover s h a l l  be u t i l i z e d  t o  
c e r t i f y  the  heat t reat  response. During stress r e l i e f ,  the  
specimens s h a l l  be located adjacent t o  the  component. 
t e n s i l e  tests sha l l  then be performed. 

The 

4.4.1.1.9.2 Surface Condition. - After completion of t e n s i l e  t e s t ,  the  
specimens s h a l l  be evaluated t o  determine the extent  of 
oxidation and surface contamination. 

Measuremerts. - Each’ tank s h a l l  be inspected dimensionally 
after stress r e l i e f  f o r  conformance t o  the  requirements of 
Specif icat ion Control Drawings LSC-280-400, 401, 402 and 
403. 

4.4.1.1.10 

4.4.1.1.10.1 Wall Thickness. - Wall thickness measurements shal l  be 
conducted by Videgage method or  equivalent, t h a t  shal l  
have an accuracy of 0.002 inch or  plus o r  minus 0.1 
percent of t he  wall thickness, whichever i s  greater .  

EDP S k t  No.- 
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4.4.1.2 Desi@ Verif icat ion Tests. - Design ve r i f i ca t ion  tests 
are  advance stage developent  t e s t s  which s h a l l  be 
performed on the propellant tank fo r  the purpose of 
substant ia t ing the correctness of the design for  i ts  
intended mission. S u c c e ~ s f U  campletion of design 
ve r i f i ca t ion  tests provide the assurance necessary t o  
permit a design freeze decision t o  be made. Theee 
t e s t s  s h e l l  include the requirements of paragraph 4.4.1.1 
and Table V. 

4.4.1.2.1 Re l i ab i l i t y  Assurance. - As an in t eg ra l  par t  of the Descent 
Tank Design Verif icat ion test program the Tank Assemblies 
s h a l l  meet the requirements of paragraph 4.3 and Table V. 
No f a i l u r e  other than that specif ied i n  paragraph 4.3.5 
s h a l l  be permitted during the  t e s t s .  

Successful completion of these tests shall be a pre- 
r equ i s i t e  t o  the s t a r t  of t he  formal Qua l i f i ca t ion  Test.  
Tests applicable t o  r e l i a b i l i t y  assurance s h a l l  f u l f i l l  
the following essent ia l r :  

( a )  The tests s h a l l  be conducted on equiplnent which is 
representative i n  design, physical configuration 
and mater ia l  t o  deliverable f l ight weight e q u i p n t  
as approved i n  t h e  Test Plan. 

( b )  The above item arc tested t o  fn i lu re  ud@r system- 
a t i c a l l y  increeeing internal pressure (Burst ). 
hilure is dercribed as rupture or evidence of in- 
c i p a n t  fki lure  of any portion of the tank. 

A failure mode prediction analysis  s h a l l  be completed pr ior  
t o  the s t a r t  of the r e l i a b i l i t y  a8surance test. 
analysis  shall be conducted a8 epeclfled i n  the Purchase 
Order. 

The 

4.4.1.2.2 Analysis of Results. - Vendor shall perform an engineering 
analyuis of the data generated by the s t ress - to- fa i lure  
t e e t s  including a correlat ion with the Fai lure  Mode 
Prediction Analyser and eubmit the data and the m l b l y B i S  
t o  Grumman. 

EDP S k i  No.- 
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4.4.2 Qualification Tests. - Qualif icat ion t e s t s  shall 
be conducted on samples ident ical  t o  production 
Propellant Tank Assemblies f o r  the purpose of 
verifying t h e i r  conformance w i t h  t h i s  specif icat ion.  

4.4.2.1 General. - Prior t o  any qual i f icat ion t e s t s ,  the Pro- 
pe l lan t  Tank Assembly sha l l  undergo acceptance tests 
i n  accordance with paragraph 4.4.3. 
tank assembly and test apparatus s h a l l  be subjected t o  
inspection by Grumman qual i ty  control  representatives.  
A t  cenvenlent times pr io r  t o  and a f t e r  the t e s t s ,  the 
propellant tank assembly s h a l l  be examined t o  determine 
conformance t o  a l l  requirements. A t  the  option of 
Grummn, measurements sha l l  be mde of c r i t i c a l  Fro- 
pollant  tank Assembly dimensions pr ior  t o  start  of the 
qua l i f ica t ion  tests. h i n g  the progress of tests, 
examinations may be made a t  the option of Grumman. The 
r e s u l t s  of these examinations s h a l l  be a pert of the 
qua l i f ica t ion  test data. Propellant Tank Assemblies 
t h a t  have undergone qual i f icat ion t e s t e  s h a l l  not be 
used for  flight acceptance tests, nor s h a l l  they be 
used a s  flight e q u i p e n t  or  flight spares. A l l  parts 
or  elements which have been subject t o  qua l i f ica t ion  
terrts, e i t h e r  individually or  a s  part of a larger  
aesembly s h a l l  be dle t inc t ive ly  marked as  qua l i f ica t ion  
t e s t ed  partec. Items of equ ipen t  which have been 
qua l i f ica t ion  tee ted ,  shall not be used f o r  quali-  
f i c a t i o n  t e s t ing  as part of a higher order assem- 
bly.  

The propellant 

4.4.2.1.1 

4.4.2.2. 

Parts Fai lure  'and Replacement. - Meintenance, adjust-  
ment, or replacelnent of parte s h a l l  not be permitted 
during qua l i f ica t ion  t e s t ing  except when approved 
by Gnuman. 

Propellent Tank Assembly Inspection and Teste. - 

Cod. 1011 Lry-27Dc Q 8 Y T  EDP Sheet No.- 



4.4.2.2.1 

4.4.2.2.2 

4.4.2.2.2.1 

4.4.2.2.2.2 

4.4.2.2.3 

4.4.2.2.4 

4.4.3 

Propellant Tank Assembly Inspection Before Tests. - A l l  
components s h a l l  be completely inspected for  compliance w i t h  
drawings and specifications pr ior  t o  qua l i f ica t ion  t e s t ing .  
Deviations from the drawings and specif icat ions s h a l l  be 
cause for re jec t ion  unless approved by Grumman. Defective 
pert6 s h a l l  not be used on any propellant tank assembly 
subjected t o  the  qua l i f ica t ion  t e s t s .  

Propellant Tank Assembly Tests.  - The Propellant Tank Assembu 
Tests shall include the requirements of paragraph 4.4.1.1 
and Table V I .  

Weight. - The Propellant Tank Assembly components s h a l l  be 
weighed and its weight shall not exceed the value specif ied 
i n  3.19. 

F’ungue. - Propellant Tank Assembly cmponents s h a l l  be 
subjected t o  a f’ungus t a r t  as  specif ied i n  Table IV i f  
theme components a re  fabr icated of fungi nutr ient  materials.  

Propellant Tank Assembly Inspection After Tests. - After 
completion of tests the propellant tank assembly s h a l l  be 
subjected t o  a visual  examination and measurements taken, 
a s  necessary, t o  disclose excessively worn, diestor ted,  
or  weakened par ts .  
discrepant par t s  and these photographs shal l  be included 
i n  the test report .  

Photographs s h a l l  be taken of such 

Qual i f ica t ion  Conditions. - Qual i f ica t ion  of the Propellant 
Tank Assembly e h a l l  be predicated on maintenance of all 
parametere wi.thin specified l i m i t s .  

Acceptance Tests. - Acceptance t e s t s  shal l  be conducted on 
deliverable items t o  provide assurance t h a t  the Ro- 
pe l lan t  Tank Assembly i s  within the l i m i t s  of the design 
parameters and 1s f r ee  f’rom material, construction, work- 
manship and f’unctional deficiencies.  A l l  Propellant Tank 
Assemblles delivered for f’ulfillment of the Purchase Order 
s h a l l  be subjected t o  an acceptance test. 

EDP Sheet No.- Coda a4512 C y - I W C  Q I Y T  
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4.4.3.1 

4.4.3.2 

4.4.3.2.1 

4.4.3.2.2 

4.4.3.2.2.1 

4.4.3.2.2.2 

4.4.3.2.2.3 

4.4.3.2.2.4 

4.4.3.2.2.5 

General. - The Propellant Tank Assembly, the  t e s t  apparatus 
and the mater ia l  entering i n t o  the  manufacture of a r t i c l e s  
fo r  fu l f i l lment  of the Amchase Order, s h a l l  be subjected t o  
inspection by authorized GrumMIn representatives.  A t  con- 
venient times pr ior  t o  and a f t e r  the tests, the Propellant 
Tank Assembly s h a l l  be examined t o  determine conformance with 
the requirements of the Purchase Order. During the progress 0: 
t e s t s ,  examinations may be mde a t  the d iscre t ion  of Grumman. 
Propellant Tank Assembly for  use on fl ight spacecraft  s h a l l  
not have been aubjected t o  more than two ( 2 )  acceptance 
test programs nor have been subjected t o  environments of an 
in tena i ty  higher than acceptance test levels. 

Propellant Tank Assembly Inspection and Tests. - 
Propellant Tank Assembly Inspection Before Acceptance Test. - 
h c h  Propellant Tank Aseembly s h a l l  be completely assembled 
i n  accordance w i t h  the drawings, then v isua l ly  and 
dimensionally inspected before cormnenclng the t e e t s .  

Propellant Tank Aseembly Tests. - Each Propellant Tank Assembl; 
a6 assembled for the  inspection specif ied i n  4.4.3.2.1 s h a l l  bl 
subjected t o  the  tests o k l i n e d  1; paragraphs 4.413.2.2.1 
through 4.4.3.2.2.7 i n  the  order specif ied.  

Proof Tes t .  - The propellant tank assembly s h a l l  be subjected 
t o  a proof t e s t  using the procedure of 4.3.2. 

Leak Teet. - The propellant tank assembly s h a l l  be subjected 
t o  a leak t e a t .  using the procedure 4.3.1. 

Vibration. - "he Propellant Tank assembly s h a l l  be subjected 
t o  random vibrat ion tests using the  procedure of 4.3.8 with 
the conditions of Table VII. 

Leak Teat. - The propellant tank assembly ehnll be subjected 
t o  leak test using the  procedure of 4.3.1. 

Weight Test .  - The propellant tank aseembly s h a l l  be subjected 
t o  a weight test and its weight s h a l l  nat exceed the value 
epecif ied i n  3.19. 

Cod. S O 1 2  E y - 2 7 D C  = U T  EDP Sheet No.- 
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4.4.3.2.2.6 Rinee Test. - The cleanliness of the Propellant Tank 
Assembly s h a l l  be verif ied by a r ime t e s t  i n  accordance 
With UP-270-0001. 

4.4.3.2.2.7 Capacity Verification. - The vendor s h a l l  measure the 
propellant tank volume and the volume s h a l l  not be lese 
than t h a t  specified in 3.8. Residual f lu ids  shall a l so  
be measured and recorded. 

5 PREPARATION FOR ELIVERY 

5.1 

5.1.1 

5.2 

General. - The preparation fo r  delivery s h a l l  render the 
propellant tank assembly capable of long term storage and 
s h i p n t  without degradation of r e l i a b i l i t y  because of 
corrosion, contamination, physical damage f’rom slosh, 
vibration or other shipping hazards encountered during 
handling and transportation t o  Grummn. 

Procedure. - Written procedures s h a l l  be submitted t o  
Grwmmn for packaging i n  accordance with Section E of 
the Furcharre Order. 

Preservation and PackagQ. - The Propellant Tank Assembly 
shall be pecked i n  such a mnnrr as  t o  meet the environ- 
mental reguirements s ta ted i n  Table I11 of this specification. 
Cleanliness of the barr ier  materials aha l l  be equal t o  or 
greater than the cleanliness level of the Propellant Tank 
Assembly. 

5.3 Adequacy of hckagizqq and Pack iq .  - Adequacy of the 
packaging and packing shall be ver i f ied  by tests according 
t o  Method 516, Procedure 111 of MILSTD-~~O. 
s h a l l  be perfoPed on pckaged Propellant Tank Assembly or 
a dumy land. 
rhall bc iastlvmentcd t o  determine the maxirmun acceleration 
md pulae duration experienced along the three major axms. 
Location of the accelerometer8 rha l l  be approved by Grummn, 
Recorded accsleratlone during the terts shall not exceed the 
design rhock l i m i t  levels. 

Tests 

The Propellant Tank Assembly or duanqy load 
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Marking of Shipnents. - In te r ior  and ex ter ior  containers 
s h a l l  be durably and legibly marked. The markings s h a l l  
provide the  following information: 

Item Name 

Contractor's Control No. 

Stock No. 

Contractor's Order No. 

Manufacturer 

Mfg. ' s S e r i a l  No. 

Date of Manufacture 

NOTES 

Definitions. - For the purposes of t h i s  specif icat ion the  
following def ini t ions sha l l  apply. 

Wophor i c  Reaction - A spark o r  ign i t ion  of tank material  
i n  the presence of Nitrogen Tetroxide occuring spontaneously 
o r  as a r e s u l t  of motion, deformation o r  impact of tank 
material .  

Effective Surface - Those surfaces of the Propellant Tank 
Aasembly which w i l l  cane i n  contact w i t h  the  stored 
propellants.  * 
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Event 

TABLE I 

Typical LEM Vehicle Tank Life Cycle 

Pre-launch (NOTE 1, 2 
acceptance test 

Pre-launch (ready condition) 

Launch, boost 

Space flight to LEM 
separation 

Insertion into landing 
trajectory 

Coast 

Powered Descent 

Hover to Landing 

Post landing 

Operating 
Time 

(seconds) 

30 

-- 
360 

120 

-- 

Non-Operating 
Time 
(hours) 

-- 
*p to 180 days 

.2 

87.2 

2.53 

-- 
-- 
22.98 

Environmental 
and load con- 
ditions f r o m  
Table I11 

E 

*Ready condition - period between final hot firing acceptance test until 
fill for launch. 



TABLE I (Continued) 

NUTE 1: Cold f l o w  t e s t ing  w i l l  be performed a t  Gnmnnan. 
f i r i n g  involving flow f r m  tanks w i l l  be conducted a t  AMR. 
Between these t e s t s  the propellant tanks shall be subjected 
t o  t ransportat ion t rans ien ts  enroute. 

Hot 

NOTE 2:  Propellant tanks w i l l  be subjected t o  not l e s s  than 40 fill, 
pressure, flow, drain, flush and purge cycles during the 
ground t e s t  and pre-launch programs. 
the  tanka may be continuously exposed t o  propel lants  f o r  
periods up t o  1 month and may have in te rmi t tan t  exposure 
over a period of 18 months, 

During these periods 

EDP S k i  No.- 
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"ype of Tests 

TASIX I1 

QUALITY ASSURANCE TESTS FOR 

FORGINGS AND FORGING MAmRIALS 

Fa rg ing s 

'.%,::RO Examinations 
Ch em i (I a1 C egr e ga t ions 

; I I C k O  Eraminat ions 
. 'ur*facr Oxiiiati on 

Fc3 ta Transus Dctermination 

;:enera1 Structure 
. ; ra in  Size Determination 

! i "Yt  Treat Response 
'Ycnsile Tests (a) & (d) 
0.252 inch diameter bar t o  
include ul t imate  t e n s i l e  
ztrength, y i e ld  s t rength 
(0.2% o f f se t ) ,  reduction of 
:m%, tlnd elongation 

l.,u.iiiographic Inspection (e) 

t ra:;onic Inspection ( f 

Mid- r a d i i  
Top or Bottom 

Top or Bottom 

Top & Bottom 
Mac r o  slab s 

N 

N 

Mid- rad1 i 
Top & Bottom 
Top & B o t t m  

N 

N 

100% 

10% 

N 

1st piece 
(4 

' Ode 26512 E q - 2 7 0 C  QB 667 EDP Sheet No.- 



(Continued) 

NOTES : N - Not required o r  not applicable. 

s - Smupling Plan 

(a )  After the forging technique has been establ ished f o r  
each type component, one forging shall be destruct ively 
t e s t e d  to determine the gra in  f l o w  and mechanical 
propert ies .  I f  the forging pract ice  i s  a l te red ,  i n  
each case, one additional forging shall be destruct ively 
tes ted.  

(b) Forging temperature shall be below the beta transus 
temperature of the heat of t i tanium mater ia l  being 
forged. The microstructure s h a l l  be equiaxed alpha- 
beta or p la te - l ike  alpha i n  a beta matrix. Acicular 
alpha o r  alpha outlining p r i o r  beta  grains  shall be 
evidence of overheating and cause f o r  re ject ion.  

Alternate Method: Beta transus determination by 
the gradlant bar (macro) method permissible. 
method is  used, the  sample may be taken fram top o r  
b o t t m  of b i l l e t .  

I f  t h i s  

(c )  Forging temperatures and reductions shall be controlled 
t o  produce as small grain s izes  as prac t ica l .  

(d) Test specimens shall be processed i n  accordance with the 
heat treatment per parsgraph 4.4.1.1.9 and shall meet the 
requirements of 3.16.3.2 -8. 

Radiograph inspection per MIL-STD-453 f o r  conformance 
t o  paragraph 3.2.1.1 and 3.2.1.3.1. 
p a r t i c l e s  o r  voids are not acceptable i n  the f in i sh  
machined ccpqponent . 

(e) 
High densi ty  

EDP Sheet No.- 
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TABLE I1 (Continued) 

(f) Ultrasonic inspection t o  Class A requirements fo r  
conformance t o  paragraph 3.2.1.1 and 3.2.1.3.1; i .e. ,  
5/64 inch maximum indication with 3/64 inch maximum 
indicat ion on one inch centers.  Finish machined 
components shall have no u l t rasonic  indications.  

Not required provided a minimum of 0.03" i s  machined 
from the  surfaces of the heat t r ea t ed  and rough 
machined forgings. 

(g) 

i 



TABLE I11 

ENVIRONMENTAL AND CONDITIONS 

NOTES : 1. Factors of safety a re  not included i n  the  l eve l s  specified 
herein. - and self-generated s t ruc tura l  loads of each subsystem. 

Factors of safety s h a l l  be applied t o  these values 

2. A l l  accelerations are  "earth g's''. Multiply by ear th  weight 
o r  use 32.2 f t / sec2  as appropriate. 

3. Vibration spectra herein re fer  t o  straight l i n e s  on a 
log-log plot .  

4. "Packaged" means ready f o r  shipment i n  the special  shipping 
and storage container. 

A. Pre-Launch Packaged (Tanks Empty) 

Acceleration: (ns ) 2.67 g v e r t i c a l  with 1.0 g l a t e r a l  
applied t o  container. 

Transportation, hmdling and storage 
in  the  shipping container shall not 
produce c r i t i c a l  design loeds on the  
propellant tank assembly and shall 
not e f f ec t  an increase i n  weight. 

Shock: (ns 1 

Vibration: (ns) 

Shock as in MIL-STD-810 (USAF) 14 
June 1962 Method 516 Procedure 111. 

The following vibrat ion l eve l s  a r e  
specified during transportation, 
handling and storage. Vibration t o  
be applied, along three,  mutually 
perpendicular @xes, x, y, and z t o  
the container. ( In  accordance w i t h  
T a b l r  

EDP Sheer No. - 
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TABU I11 (Continued) 

A. Pre-Launch Packaged (Tanks E2npty) (Continued) 

Vibration : (Cont.) For 100 lb .  o r . l e s s  For 300 lb .  or.more 

g o r  D.A. cps - g or D.A. CPS 

5-7.2 .5 i n  D.A. 5-7.2 .5 i n  D.A. 

7.2-26 + 1.3g 7.2-26 - + 1.3g - 
26-52 ,036 D.A. 26-52 .036 D.A. 

( f )  For 100 t o  300 lb. use f igure 
514-8 Method 514 MIL-STD-810 
(USAF), 14 June 1962 f o r  maximum 
frequency . 

*Pressure: 

Temperature: 

*Humidity : 

*Rain : 

*Sal t  Fog: 

Atmospheric pressure corresponding 
from sea l e v e l  t o  50,000 f t .  

-65OF t o  +160O~ 

0 t o  100 percent r e l a t ive  humidity 
including condensat ion, 

Ra in  a s  defiried i n  Method 506 
MIL-STD-810(USAF) 1 4  June 1962. 

S a l t  fog as encountered i n  a beach 
area (equivalent of spray of 5% salt  
solution i n  water f o r  50 hours). 

(ns) These leve ls  of Environments and Loads do not  occur 
simultaneously . 

* Ambient Environment on outside of package, 



TABU I11 (Continued) 

A. Pre-Launch (Tanks mty) (Continued) 

*Sand and Dust: 

Fungus : 

Wzone : 

A s  in desert and ocean/beach areas, 
equivalent to 140 mesh silica flour with 
particle velocity up to 500 ft/min. 

In accordance with Method 508, 
MIL-STD-810 ( U W )  14 June 1962. 

Exposure with 0.05 parts/million 
concentration (1/2 toxic limit) 

B. Pre-Launch Unpackaged (Tanks Empty1 

Acceleration: (ns 1 

Shock : (ns 1 

Vibration: (ns 1 

*&e s sure : 

Temperature : 

Humidity: 

2.67 Vertical (x-axis) with 1.0 g 
Lateral (x-y plane) 

Shock as in MU-STD-~~O (UW), 14 June 
1962, Method 516 Procedure I, Modified. 
Modity shockpulse to saw tooth l5g 
peak 10-12 ms rise, 0-2 ms decay. 

Same as pre-launch packaged but applied 
to equipment. 

Tank Gage Pressure: 
to proof gage pressure. 

to vary from ambient 

-20% t o  UO0F Ambient Air Temperature 
plus 360 BTU/F$ HR up to 6 hrlday. 

l 5 5 t o  relative humidity including 
condensat ion. 

*Ambient environment on outside of Peckage. 

(ns) These levels of ewirornnents and loads do not occur 
simultaneously. 
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TABLE I11 (Continued) 

B. 

C. 

Re-Launch Unpackaged (Tanks W t y l  (Continued) 

Rain: Same as packaged but no direct 
impingement. 

As in MIL-STD-810 (USAE') Method 509. 

Same as Pre-Launch Packaged. 

Same as Re-Launch Packaged. 

Same as Pre-Launch Packaged. 

Salt Fog : 

Sand and Dust: 

Fungus : 

Ozone : 

Launch and Boost (Tanks Full) 

Accelerations and Tank Pressures: (ns) 

Condition IroadinR Boo st Burnout Engine Hardaver 

External Pressure: 

Internal Pressure 

Nx See 

Ny T a n k A s 4 .  - 

Nz Draw- 
LSC280-400 

(ns) These levels of environments and loads do not occur 
simultaneously. 



TABLE I11 (Continued) 

C .  Launch and Boost (Tanks Full) (Continued) 

External Pressure : ( p) Ambient a t  sea l e v e l  t o  
1 x 10-10 mm Hg 

In te rna l  Tank Pressure: ( p )  1 5  t o  120 psia .  

Vibration: ( n s )  

Temperature : 

Humidity: 

Hazardous Gases : 

The mission environment consists 
of the following random spectrum 
applied f o r  17 minutes along each 
of the three mutually perpendi- 
cular  axes, x, y and z .  

5-25 cps .18g2/cps constant 
25-34 cps 12 db/Octave r o l l -  

off  t o  
34-2000 cps .0438/cps constant 

+40 t o  +10Oq within the pro- 
pulsion compartment. 0 t o  
+ 1 1 O O F  ambient a t  sea leve l .  

Same as prelaunch packaged. 

Explosive-proof ing requirement 
defined i n  Method 511, MIL-STD-81 
1 4  June 1962. 

Radiation: See paragraph 3.5.1 

( p )  Pressure a c t  simultaneously with random vibrations.  

(ns) These l eve ls  of environments and loads do not occur 
simultaneously. 

Cod. 18512 Ery-17K: QDWl EDP Sheet No. - 



Vibration : 
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7-8-64 

51  

Date : 

Plgt : 

TABU I11 (Continued) 

D. Space F l ight  - Translunar (Tanks Full) 

Internal  Pressure : 

External Pressure: 1 x mm Hg uncontrolled 

1 5  t o  120 ps ia  

vacuum 

+40° t o  l O O O F  i n  propulsion comp. Temperature: 

Radiation: V a n  Allen, Solar Flare & 
Space background. To be 
defined as needed (inner 
b e l t  10 min. 1/2 hr .  delay - 
outer b e l t .  See paragraph 
3.5.1) 

The mission environment consis ts  
of the  folluwing random 
spectrum applied f o r  6 
minutes along each of the three 
mutually perpendicular axes, 
x, y and z. 

5-47 CPS .89g2/cps constant 
47-65 cps 12 db/Octave r o l l -  

off t o  
65-1000 cps .024g2/cps constant 
1000-2000 cps 12 db/Octave 

rol lof  f 



s p .  NO. LSP-280-4B 

S ? I C I I : I C A T I O N  Dart: 7-8-64 

PABC : 52 

r Condition 1 

Loading I I1 I11 rv 

Internal Tank 15 270 1 5  270 15 270 270 
Pressure (psia) 

Nx See 

I F 

. 
+1.6 +1.6 0 0 0  0 0  

+1.6 +1.6 o 0 0  

Nz 0 0 0 +1.6 +1.6 o 

- - 
Tank Assy 
Drawing 

- 
- - LSC~~O-400 0 0 

- 

TABU I11 (Continued) 

E. Lunar Descent (Tanks F u l l  or Empty) 

Vibration: The mission environment consists of the 
following random spectrum applied for 
11-1/2 minutes along each of the mutually 
perpendicular axes, x, y and z. 

10-28 CPS . 18g2/cps constant 
28-37 cps 12 db Octave rolloff to 
37-1000 cps 
1000-1200 cps 12 db/Octave rolloff to 
1200-2000 cps .03lg2/cps constant 

.059g L /cps constant 

External Pressure: 1 x mm Hg uncontrolled vacuum 

Internal Pressure: 15 to 270 psia 

Temperature : 40°F to 100°F propulsion compartment 

Radiation: See Paragraph 3.5.1 

F. Additional Loading Conditions (Tank N l )  

External Pressure: 1 x lo-’’ mm Hg Uncontrolled Vacuum. 

Code 28512 Lry-Z’IK QB 6661 EDP Sheet No.- 
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S P E C I F I C A T I O N  Ditt : 7-8-64 

PJgC : 53 

TABLE I11 (Continued) 

G.  Design conditions f o r  l a t e r a l  r e s t r a in t  hardpoint a t  the +X 
axis end of the propellant tank assembly. 

Condition A: During ear th  launch a l i m i t  l a t e r a l  load of 
4000 lbs. (acting i n  the  Y-Z plane a t  the +X 
ax i s  end of the  tank) s h a l l  be considered i n  
combination w i t h  a +4.70g l i m i t  a x i a l  load fac tor  
along the  X axis. The lateral  load and resul tant  
tank i n e r t i a  force sha l l  be balanced a t  the tank- 
support interface plane. The tank s h a l l  be 
considered f u l l  o f  propellant. The in te rna l  
ul lage volume pressure w i l l  vary between 15  p s i  
and 120 p s i .  The external pressure w i l l  vary 
between ambient a t  sea l e v e l  t o  1 x 10-10 mm Hg 
uncontrolled vacuum. 

Condition B: During lunar landing a l i m i t  l a t e r a l  load of 
3000 l b s .  shall be considered act ing i n  the 
Y-Z plane at the +X axis end of the  tank. 
loading shall be balanced a t  the  tank-support 
s k i r t  in te r face  plane. The in te rna l  tank pressure 
can vary from zero t o  270 ps i .  
equals 1 x 10-10 mm Hg uncontrolled vacuixn. 

This 

The external  pressure 

Codc Z I S 1 2  E v - 2 7 K  Qs 667 EDP Sheet No. - 
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Dart :  7- 8- 64 

Se que nc e 

Test 

Tank 
1 

2 

3 

4 

TABB V 

DESIGN VERIFICATION TESTS 

* 
XF 

Notes: For Tank #1, accelerat ion and cycle t e e t s  shall be performed 
prior t o  the vibrat ion test. The vibrat ion t e s t  of Tank #1, 
s h a l l  be conducted by applying the vibrat ion condition given 
i n  Wble IV, Test 4 ( a )  except t h a t  the p b u l a t e d  ult imate 
random vibrat ion accelerat ion densi ty  ( g  / c p )  values s h a l l  
be divided by a fac tor  of 1.33 and the tabulated ult imete 
s inusoidal  vibrat ion accelerat ion and/or double amplitude 
values shall be divied by a fac tor  of 1.15. 
one axis  s h a l l  consis t  of 40 minutee of randm vibrat ion 
followed by 2 sweep cycles of s lnusoidal  vibrat ion (swept 
logarithmically a t  3/4 Octave per minute from 5 cpe t o  2000 
cps and then from 2000 c p  to  5 c p ) .  
s h a l l  c o ~ i s t  of one unit t ee t  w i t h  the  tank empty and 
preesurized t o  270 psi and one uni t  t e s t  w i t h  the  tank full and 
pressurized t o  270 pel for  each of the three mutually perpen- 
dicular  X, Y and Z axea. 
the vibrat ion test, Tank #1 s h a l l  be f a i l e d  by b u r s t  test .  

A un i t  t e s t  for 

The t o t a l  exposure time 

I f  no f a i l u r e i s  obtained during 

X Iknotee test6 t o  be performed. 
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1 Sequence 

3 l  

Test 

l-l 

TABU V I  

QUALIFICATION TESTS 

6 

X 

Note: Fai lure  condition will be selected by G r m n  a t  a l a t e r  date.  

X - Denotes Teat To Be Performed 



w. N 6 . 3  -28O-bB 

Date : 7-8-64 

Linea Increase From 
002 g h /CPS .07 &cps 

2 Constant .07 g /cps 
, 
1 Linear Decrease From ' .07 g2/cpa t o  05 g2/c 

TABU V I 1  

1 Pressure 270 psi 

REQUIRF3ENTS FOR ACCEFTANCE TEST 

TEST DESCRIPTION I N T E N S I T Y  OR RATE I CYCLES OR TIME 

Vibration 

Random 15  - 100 CPS 

100 - 550 C ~ S  

550 - 2000 CPS 

REMARKS 

Random Vibration 
sha l l  be 2 
minutes for each 
of the mutually 
€brpendlcular 
Axes for  a t o t a l  
time of 6 minuter 

Tank empty 

EDP S k i  No.- 



*. N". ISP-28-4B 

Date: 7-8-64 

B 1  B 2  

DENOTATION : 

A - Longitudinal Weld 

B - Transverse Weld 

C - Parent  Metal 

M - Microscopic Specimen 

"ypi c a l  -i 
FIGU€E 1 

TESTBAND CCUPON WITH MEXULURGICAL TEST SPECIMENS 

EDP Sheer No - 
- 



8pec. NO. W-28-4R . *  

BAFFLE IDmmcAao?f, w m n s  Am LoCA!rIOIv ba%e : 7-8-64 

x Axis Page : 62 

I 
Tank S h e l l  

I 

- 4  I11 

4 IV 21 3/4" 
t 

1 12 3/4" ' I 

39 3" 
29 3/8" 

1 

Support Frames 

Ring Baffle I 
Width = 2 3/8 inch 

Ring Baffle I1 
Width = 3.0 inch 

Ring Baffle I11 
Width = 3.0 inch 

RIM w i l e  IV 
Width - 2 1/8 Inch 

Wfle-Tsnk Support Plane 

LAV-520-21 
10 December 1963 
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I /  
oadlng Case 3. Support Frames . . 

x Axla  

, ?.miding Case 1. Ring Baffle 

Ofb,LY 
(10'' Head) Sln fl 

1 

oadlnu Case 4. Support Frames 

45' 

adin  Case b 

4 .'O" Head I 

2.4'' Head 

wv- 520-21 
10 December lg63 
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NOTE 5: 
1, ACTUAL WEIGHT gC.G.  WILL BE NOTED "EM ESTABLISHED 
2. POsITIVE TAUK ACcELERATlOhlS ACT IN THE DIRECTIOd 

/---------, 
SKI RT / 

/' OF THE P05ITIV€ X,Ya 2 REFERENCE AXES. 

DETAI L 
. SKIRT/TAMK INTEQFiq 

/ 
/ 

* / 
/' I A \ \ -1 

UN I FORM LY DI ST RI 0 J T  E 0 SU PPO RT 
lhl 8OTH -'X DIQ€CTIOr\l $YZ PLANE 

Q RlVEfED JOINT 
L S C  2 8 0  -402-1----9 LSC 280-433-1 
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, .  " - 4 3  - 
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- -  " L - G 4  
? A M  N O .  69 
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-__ly -_- 
REVISIONS -- 

1 AUTHORITY FOR REVISION t 

DESCRIPTION 

BOLT ED JOINT /- 

., . 

I 

COMTRO 1 DRAM I NG 
FORWS A PART OF 
TROL SPEC1 FICATION 



' I  - AUTHORITY - _ _ _  FOR REVISION I I I DISPOSITION 0 
OF EXIST 1 5 

PARTS t < 
' UOTES: 

1 

D R ~  4 TAP 1/4-28 - 4 
I .  TOLERAhlCE ON THICKNESS TO 6E ':E: 
2. I tdNER $OUTER SURFACE RoVGHhlESS 

3. TOLERAKE OM TAMK DIAMETER AT *--2.00 
SHALL BE: 63  RMS MAX. 

I 
SKIRT IUTERFACE 3 .OlO 

NELDIhlG STRESS RELlW SHALL NOT I 

EXCEED -300. 
5. RATE OF CHANGE OFTAMK CONTWR 

SHALL NOT EXCEEO .OlO IMcH/\hJCw 
FROM THE NOMihlAL. 

I 
4. T. I.R. OF CYLI )cl ORlCAL FORTIOM AFTER 

t 

i 

I 1.750 1.D. 

DRILL 3/8 D\A 

i 
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1 Y.  

NO?IES : 

1. Method of attaohment to be detbrmined by 
Vendor subdect to G ~ w n ~ u a n  approval. 

. - 

1 I AUTHORITY FOR REVISION I I I 

/ 

9 2  
3 

4 ? 

B /  

I 

I 
Lsc-280-402 - I @ 

fa"I\ SPECIFICATION CONTROL bRAWING 
\uJ/ THIS DWG FORMS A PART O F  LSP-280-4,s 1 

CONTROL SPECIFICATION 



NOTES : 

1. 

2. 

3. 

Tolerance on cover thickneee to be +*8@ 
Additional holee and boeeee to be ertabllehed. 

Surface roughnee8 of machined cover - Inner and 
outer surfaces shall be 63 FM3 Max. 

-. 

. 8.25 01 AT GRUMMAN FURNISHED 

I - 
ANTJ -VORTE X 

/BAFFLING 

-2 000 't r 1.750 I.D. PORT # s- i 
3 

l 7 . 2 5 0  
-25.500 It .oos 

SPHERICAL RADIUS SPECIFICATION CONTROL DRAWING 
THIS DWG FORMS A PART OF LSP-280-48 ' 

C O m L  SPEC. -3.000 
-_- --- 1.00 I. D.TUE-/ &*75 DIA. HOLE (6) EQUALLY t7- 

4 9  .ooo - - -  SPACED. HOLES TO BE COVERED 
WITH A% FIME MESH SCREEN. @ 

LSC-280-403 - I 

COVER-SUB ASSEMBLY - 

0 .  . .  I 


